The significance of upper gastrointestinal tract (UGI) acute GVHD (aGVHD) compared with other grade II aGVHD is not clearly defined. We compared the outcomes of patients with grade II aGVHD with or without biopsy-proven UGI involvement in three groups: grade II aGVHD without UGI (n = 178), grade II aGVHD with UGI and other sites (n = 102) and isolated UGI aGVHD (n = 32). The overall response (ORR) to steroids at day 28 differed among the three groups (76, 67 and 91%, respectively, P = 0.01), but was only marginally different in direct comparison with those without or with UGI aGVHD (P = 0.07) or with isolated UGI aGVHD (P = 0.06). In multivariate analysis, as compared with grade II aGVHD patients without UGI involvement, those with UGI involvement and those with isolated UGI aGVHD had similar risks of chronic GVHD, relapse and non-relapse mortality and similar disease-free survival and overall survival. Our data suggest that patients with UGI aGVHD have similar outcomes as those without UGI involvement, supporting the view that UGI aGVHD should still be included as a grade II-defining event.
INTRODUCTION
The extent and severity of gastrointestinal (GI) GVHD is clinically assessed by the volume of diarrhea and is pathologically confirmed by the biopsy of lower GI (LGI) tract. In 1990, we described the syndrome of upper GI (UGI) acute GVHD (aGVHD) presenting as anorexia, dyspepsia, nausea or vomiting without diarrhea in a series of 469 patients who underwent bone marrow (BM) hematopoietic cell transplantation (HCT) from HLA-matched siblings. 1 In that study, 13-22% of patients had pathologically confirmed UGI aGVHD, more than 75% of whom developed chronic GVHD. Patients with UGI aGVHD responded well to steroids and their overall survival (OS) was similar to that of patients with LGI aGVHD. 1 Based on these and other findings, the 1994 consensus conference on aGVHD grading added 'persistent nausea with histologic evidence of GVHD but no diarrhea' as stage 1 GI aGVHD 2 -consistent with Glucksberg grade II GVHD. 3 A recent preliminary study from the Center for International Blood and Marrow Transplant Research (CIBMTR) registry demonstrated that patients with isolated UGI aGVHD had similar outcomes to those without aGVHD, thus arguing against the inclusion of UGI GVHD as grade II GVHD-defining entity. 4 However, histological confirmation of UGI aGVHD was not required in that registry analysis, thus questioning the reliability of diagnosis because similar UGI symptoms could be attributable to a multitude of factors in the early post-HCT period. In the present study, we evaluated the outcomes of biopsy-proven grade II aGVHD in patients with or without UGI involvement. We show that patients with isolated UGI aGVHD had similar overall response to steroids by day 28 as those without UGI involvement and their longer term risks of chronic GVHD and mortality were similar to patients with grade II aGVHD without UGI involvement. UGI aGVHD should remain as a component of clinical grade II aGVHD.
MATERIALS AND METHODS
We studied patients aged 18 years or older who underwent an allogeneic HCT for malignant or non-malignant diseases at the University of Minnesota. Patients with UGI symptoms were evaluated with esophagogastroduodenoscopy and biopsy. Out of 840 consecutive adult allogeneic transplant recipients, 77 patients were diagnosed with maximum clinical grade I Glucksberg scale aGVHD, 312 were diagnosed with maximum clinical grade II aGVHD and 36 were diagnosed with maximum clinical grade III aGVHD within 100 days of HCT. Patients with grade II aGVHD were further categorized into three groups-(1) grade II aGVHD without UGI involvement (n = 178), (2) grade II aGVHD with biopsy-proven UGI aGVHD along with other grade II aGVHD-defining organ involvement (n = 102) and (3) isolated UGI aGVHD (n = 32). Patients with prior allogeneic HCT and those who received both BM and peripheral blood progenitor cell (PBPC) grafts were excluded from the analysis (n = 4). All other graft sources and donor types were included.
End points
As overall response rate (ORR) to GVHD treatment at day 28 correlates with non-relapse mortality (NRM), 5, 6 our primary objective was to compare ORR (complete response (CR) or partial response (PR)) in the three defined groups. Additionally, we evaluated the proportion of patients with GVHD flare after initial response to treatment by day 28, and overall response, CR and PR rates at days 14 and 56. Secondary objectives were to assess long-term outcomes, including the incidences of chronic GVHD, NRM, relapse/progression, disease-free survival (DFS) and OS at 1 year.
Definitions
In the original Glucksberg criteria, 3 grade II aGVHD was defined by the presence of stage 1 to 3 skin involvement or stage 1 liver or stage 1-2 GI involvement, while in the Consensus schema 2 UGI was included as stage 1 GI aGVHD and thus clinical grade II. As previously reported, 5 the diagnosis of aGVHD was made clinically and confirmed histologically by upper endoscopic biopsies of the esophagus, stomach or duodenum in all cases, as per the GVHD consensus conference criteria. 2, 7 Grading of aGVHD refers to clinical (not histological) grading. Assessment of the response to steroids was determined at days 14, 28 and 56 as previously reported. 8 Briefly, CR was defined as the complete resolution of aGVHD manifestations in all organs, without the need for secondary GVHD therapy. PR was defined as an improvement in aGVHD stage in all initially affected organs, without resolution or worsening in any other GVHD target organs, or need for secondary GVHD therapy. All patients with aGVHD were treated similarly with prednisone 60 mg/m 2 (or 2 mg/kg body weight) by mouth or equivalent dose of IV methylprednisolone for 2 weeks followed by an 8-week taper. Patients were continued on GVHD prophylaxis drugs at therapeutic concentrations as previously reported. 8 GVHD diagnostic data and treatment responses are collected prospectively and confirmed by retrospective review for all patients by experienced investigators (DW and SH for adult patients; MM for pediatrics). Cox regression analyses were used to compare survival curves adjusted by other factors. Cumulative incidence estimator was used to calculate the probabilities of relapse/progression, NRM and chronic GVHD reflecting the non-event competing risks 10 with Fine and Gray regression analyses as shown. 11 Multivariate models for all end points were created using backward selection method considering a P-value of o 0.20 for retention in the model. First, global analysis was performed comparing all three groups of patients with aGVHD. Then, pre-planned subgroup analysis was done to assess differences between the three different grade II GVHD groups for all primary and secondary outcomes. Multiple comparisons were adjusted by Bonferroni method and an adjusted significance level of 0.017 was used for all three-group comparisons. Statistical analyses were performed with the SAS 9.3 (SAS Institute, Cary, NC, USA) system. All HCT were conducted with informed consent to review data and the data collection protocols were reviewed and approved by the University of Minnesota Institutional Review Board.
RESULTS
A total of 312 patients with maximum clinical grade II aGVHD were analyzed, of whom 57% had no UGI involvement (n = 178); approximately 33% had UGI plus another organ aGVHD (n = 102) and roughly 10% had isolated UGI aGVHD (n = 32) ( Table 1) . Similar proportion of patients had liver involvement in grade II patients without (5.1%) and with UGI GVHD (2.9%), P = 0.33. Significantly more patients without UGI aGVHD had skin involvement (96%) as compared with those with UGI aGVHD (71%), Po 0.01. On the other hand, more patients with UGI aGVHD had LGI involvement (38%) compared with only 16% in those without UGI aGVHD, P o 0.01. The median age in all groups was near 40 years and 60% were males, with no differences among groups. Abbreviations: CR = complete response; NR = no response; ORR = overall response rate; PR = partial response; UGI = upper gastrointestinal tract. a Significant cutoff P-value is P ⩽ 0.02, adjusted for three groups. Abbreviations: aGVHD = acute GVHD; ATG = antithymocyte globulin; BM = bone marrow; CP = chronic phase; CD34+ = CD34+ selected; CSA = cyclosporine; HCT = hematopoietic cell transplantation; HL = Hodgkin lymphoma; LGI = lower gastrointestinal tract; MDS = myelodysplastic syndrome; MMF = mycophenolic acid; MPN = myeloproliferative neoplasm; MTX = methotrexate; NHL = non-Hodgkin lymphoma; PBPC = peripheral blood progenitor cells; PIF = primary induction failure; RIC = reduced intensity conditioning; Tac = tacrolimus; TCD = T-cell deplete; UCB = umbilical cord blood; UGI = upper gastrointestinal tract. a Significant cutoff P-value is 0.0167, adjusted for three groups.
b HLA locus match. For double UCB grafts, the greatest mismatch is shown.
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The most common diagnoses were acute leukemia (34-40%) and CML (30-40%) in all groups, P = 0.91. More than half had standard disease risk (P = 0.87), according to the American Society for Blood and Marrow Transplantation (ASBMT) 2006 risk definitions.
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In the three groups, most received BM grafts (50-56%), followed by PBPC (24-37%) and umbilical cord blood (UCB, 6-25%), P = 0.11. More patients with isolated UGI aGVHD (78%) had sibling donors vs 45% in the other groups, P o0.01. Myeloablative conditioning was used more frequently (75-94%) in each group, P = 0.08. Though correlated with conditioning intensity and graft source, a majority received methotrexate-based GVHD prophylaxis, although it was used more somewhat more frequently with isolated UGI aGVHD (72%) than in other groups (56-57%), P = 0.23. Only few patients (about 9% in each group) received T-cell depleted grafts. The median overall follow-up was well over a year in all groups, P = 0.04.
Overall response to GVHD treatment at day 28 We found that 76% of grade II aGVHD patients without UGI involvement had an overall response (CR+PR) to steroids at day 28 as compared with 67% in those with grade II with UGI aGVHD and 91% with isolated UGI aGVHD, P = 0.01 (Table 2 ). However, in the pre-planned subgroup analysis, there was no statistically significant difference in the ORR between groups. The ORR at day 56 was similar between groups (69%, 67% and 88%, respectively), P = 0.07. Patients with isolated UGI involvement had significantly higher CR rates at days 14, 28 and 56 (66, 91 and 89%) as compared with grade II without UGI involvement (35, 53 and 61%), P o 0.01. Patients with UGI and other organ grade II aGVHD had substantially lower CR rates at all three time points (34, 58 and 58%).
There were no differences in the proportion of patients with GVHD flare after achieving initial response after either day 14 (9, 4 and 0% in the 3 groups, P = 0.21), day 28 (5, 9 and 3%, P = 0.47) or day 56 (2, 0 and 0%, P = 0.45).
Risks of chronic GVHD
The univariate estimates of chronic GVHD at 1-year were: no UGI aGVHD, 49% (95% confidence interval (CI) 41-58%); with UGI aGVHD, 54% (95% CI 42-65%) and isolated UGI aGVHD, 44% (95% CI 26-62%), P = 0.48 (Figure 1 and Supplementary  Table S1 ). After adjusting for gender, conditioning regimen, disease risk, donor, graft source, recipient CMV serostatus and year of transplantation in multivariate analysis, the risk of chronic GVHD at 1-year was similar in all groups P = 0.46. As compared with BM or PBPC, UCB transplantation was associated with 46% lower risk of chronic GVHD, P o 0.01 (Table 3) .
Non-relapse mortality The univariate estimates of NRM at 1-year were: no UGI aGVHD, 29% (95% CI 22-35%); with UGI aGVHD, 22% (95% CI 14-30%) and isolated UGI aGVHD, 16% (95% CI 3-28%), P = 0.20 (Figure 1b and Supplementary Table S1 ). After adjusting for covariates in the multivariate analysis, there were no differences in NRM among different groups of patients with aGVHD, P = 0.18. In the subgroup analysis, there was a trend towards lower risk of NRM in those with isolated UGI aGVHD compared with those without UGI i- Abbreviations: aGVHD = acute GVHD; CI = confidence interval; HCT = hematopoietic cell transplantation; RIC = reduced intensity conditioning; UGI = upper gastrointestinal tract. Upper GI GVHDnvolvement (HR 0.46, 95% CI 0.18-1.14, P = 0.09). The risk of NRM was 60% lower in those who received reduced intensity conditioning regimens compared with myeloablative regimens, P = 0.02 (Table 4) .
Risk of relapse/progression
In those with malignant disease, the univariate estimates of relapse/progression at 1-year were: no UGI aGVHD, 23% (95% CI 17-30%); with UGI aGVHD, 15% (95% CI 8-22%) and isolated UGI aGVHD, 22% (95% CI 8-36%), P = 0.20 (Figure 1c and Supplementary Table S1 ). In multivariate analysis, the risk of relapse was similar across groups, P = 0.13. Patients who received reduced intensity conditioning had 2.05-fold greater relative risk of relapse as compared with those who received myeloablative regimens, P = 0.03. Although year of HCT was not an overall significant predictor of relapse, there was a trend towards increased risk of relapse in recent years (Table 5 ). Higher risk of relapse in later years was correlated with significantly increasing use of reduced intensity conditioning regimens and UCB graft and more patients over the age of 40 years who underwent HCT than in the previous years (data not shown).
DFS and OS
The estimates of DFS at 1-year were: no UGI aGVHD, 46% (95% CI 38-53%); with UGI aGVHD, 56% (95% CI 46-65%) and isolated UGI aGVHD, 63% (95% CI 44-77%), P = 0.14 ( Figure 1d and Supplementary Table S1 ). In multivariate analysis, all groups of patients with Grade II aGVHD had similar DFS, P = 0.10. Patients with high-risk disease had significantly inferior DFS (HR 1.64, 95% CI 1.19-2.25, Po 0.01) than those with standard risk disease ( Table 6 ).
The estimates of OS at 1-year were: no UGI aGVHD, 54% (95% CI 47-61%); with UGI aGVHD, 67% (95% CI 57-75%) and isolated UGI aGVHD, 69% (95% CI 50-82%), P = 0.09 (Figure 1e and  Supplementary Table S1 ). In multivariate analysis, OS was similar among the aGVHD groups, P = 0.12. In the subgroup analysis, there was a trend towards lower hazards of mortality in those with isolated UGI aGVHD than those without UGI involvement (HR 0.48, 95% CI 0.22-1.06, P = 0.07) ( Table 7 ).
DISCUSSION
We found that patients with isolated UGI aGVHD had higher responses to initial steroid treatment as compared with other grade II aGVHD groups, but it was only marginally different from those without UGI aGVHD (P = 0.06) or those with UGI aGVHD (P = 0.07). We chose ORR at day 28 as our primary end point because ORR at day 28 or day 56 are reported to predict NRM. 5, 6 Consistent with these findings, all three cohorts with grade II aGVHD had similar risks of NRM, chronic GVHD, relapse, and similar DFS and OS irrespective of UGI involvement. These results confirm that patients with UGI aGVHD have outcomes similar to those with any other grade II aGVHD, thus supporting the continuing appropriateness of including UGI aGVHD as a grade II GVHD-defining entity.
About 10-30% of patients with aGVHD have biopsy-proven UGI involvement 1,2 while nearly 40% of patients with unidentified causes of nausea or vomiting post allogeneic HCT may have UGI aGVHD. 13 Although the involvement of the UGI tract by inflammatory cells was reported in an autopsy series more than four decades ago, 14, 15 it was not correlated with clinical symptoms of GVHD until later. 16 In a large series of patients who underwent myeloablative BM HCT, Weisdorf et al.
1 described the syndrome of UGI aGVHD as an independent entity, after which it was recognized as stage 1 GI GVHD by the 1994 consensus conference on aGVHD, 2 consistent with Glucksberg grade II GVHD. 3 However, the clinical significance of UGI aGVHD had not been systematically re-investigated since its initial description. In a preliminary analysis of the CIBMTR database, Nikiforow et al. 4 included 8567 adult recipients of myeloablative allogeneic HCT, of which 229 had isolated UGI GVHD. In this study, among recipients of matched related donor HCT, patients with clinically diagnosed (though not biopsy confirmed) isolated UGI aGVHD had similar risks of chronic GVHD, relapse, NRM, and similar DFS and OS as those with grade II aGVHD without UGI involvement and those with grades 0 or I aGVHD, while in unrelated donor (URD) HCT recipients, isolated UGI aGVHD patients had lower NRM and tended to have superior DFS and OS as compared with patients with grade II aGVHD without UGI involvement. The URD outcomes with isolated UGI GVHD were similar to those with grades 0 or I aGVHD, suggesting that UGI GVHD should perhaps not be included as a grade II GVHD-defining event. As similar UGI symptoms (nausea, vomiting, anorexia) can have other etiologies, such as conditioning regimen toxicity, gastritis or infection with herpes virus, CMV or candida, 13, 17 the clinical diagnosis of UGI GVHD without histological confirmation may be overestimated in the registry database and potentially confound these conclusions. UGI aGVHD was confirmed with biopsy in all our patients. Additionally, all patients with grade II aGVHD are treated similarly at our center, which limits the bias of differential diagnosis and treatment approaches recognized in a multicenter analysis. Moreover, the response to GVHD treatment is assessed prospectively in all of our patients and confirmed retrospectively by experienced physicians, which generates consistency.
With the development of novel clinical and biomarker-based models to risk stratify aGVHD, 8, 18 risk-adapted approach to treatment should be considered rather than treatment based on individual organ involvement (reviewed by Holtan and MacMillan 19 ). The presence of isolated UGI aGVHD is considered as standard risk according to the refined Minnesota aGVHD risk score, 8 while grade II aGVHD with or without UGI involvement may be standard or high risk, depending upon the absence or presence of liver GVHD. As patients with standard risk GVHD have excellent overall responses to steroids compared with those with high-risk disease, 8, 18 a lower toxicity approach to treatment of standard risk disease may be preferred, such as that being tested by the Blood and Marrow Transplant Clinical Trials Network protocol 1501.
We conclude that patients with UGI grade II aGVHD have similar responses to initial therapy and similar later outcomes as others with grade II aGVHD. This clinically more modest GI involvement has the same clinical impact as other grade II aGVHD. Future studies should incorporate these findings in the context of risk-adapted approach to treatment of GVHD.
